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INTRODUCTION 


During  the  past  few  years,  the  Army  Missile  Command  has  been 
Interested  In  the  adverse  effects  of  the  propulsive  jet  plume  on  missile 
longitudinal  stability.  A research  program  established  as  a means  of 
obtaining  the  understanding  necessary  for  proper  design  of  future  missiles 
susceptible  to  plume  effects  has  been  completed.  The  first  phase  of 
this  program  involved  the  study  of  conditions  where  plume-induced  aero- 
dynamic effects  occur  and  the  study  of  wind  tunnel  test  techniques  which 
adequately  simulate  high  thrust  effects  on  aerodynamic  stability.  For 
these  tests,  strut-mounted  models  were  utilized  and  pressure  measurements 
were  the  primary  type  of  data  taken.  Results  of  this  phase  of  the  program 
have  been  reported  in  references  2 to  19. 

Based  on  these  results. a decision  was  made  to  construct  a sting- 
mounted  wind  tunnel  model  having  the  capability  to  simulate  various 
thrust  levels.  The  model,  which  was  designed  and  fabricated  by  Calspan 
Corporation,  Included  a 6-component  main  balance,  a 3-component  balance 
fcr  each  of  4 fins,  and  a normal  jet  plume  simulator.  The  fins  were 
capable  of  being  tested  In  3 different  longitudinal  positions.  The 
model  was  partially  funded  by  the  "Canard  Control  Aerodynamics"  work  unit 
and  Included  4 Independent  remote  control  canards  each  with  a 3-component 
balance  (see  references  20 and  21).  The  canards  are  also  capable  of  being 
tested  In  3 longitudinal  positions. 

The  purpose  of  this  report  Is  to  summarize  the  Investigations  of 
plume  effects  conducted  with  this  model.  Two  tests  were  made  at  the 


Calspan  8-Foot  Transonic  Wind  Tunnel  (CAL  T17-093  and  CAL  T17-123)  and 
one  test  each  In  the  Arnold  Engineering  Development  Center's  Propulsion 
Wind  Tunnel  transonic  and  supersonic  legs  (AEDC  SF172/TF360) . Tests 
were  made  of  5 fin  configurations  at  3 longitudinal  positions  and  at  roll 
positions  of  0,  22.5,  and  45  deg.  Mach  number  was  varied  from  0.2  to  2.3 
and  angle  of  attack  from  -4  tc  12  deg.  Plume  simulator  chamber  pressure 
was  varied  up  to  600  osl.  Results  of  these  tests  were  presented  In 
detail  4n  references  21  tc  25. 
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APPARATUS  AND  TESTS 

The  model  used  In  all  tests  Is  a body  of  revolution,  5 Incites  In 
diameter  and  52  Inches  long  with  * 3 caliber  tangent  ogive  nose.  Figure 
3 depicts  the  gineral  layout  of  the  motel.  It  was  tested  with  five 
different  sets  of  fins,  as  shown  in  Figure  4.  In  addition,  it  was 
possible  to  locate  the  fins  at  three  separate  positions  longitudinally. 
Figure  3 Illustrates  fin  FI  In  position  3, which  Is  defined  as  hav.ng 
the  fin  trailing  edge  1.5  calibers  (7.5  Inches)  forward  of  the  model  base. 
Position  2 had  the  fin  trailing  edge  at  0.75  caliber  and  position  1 at 
0 caliber*  or  flush  with  the  base.  Figure  6 _.,jws  the  F0  fin  1 r,  the  3 
positions  In  the  Calspan  tunnel. 

The  model  was  mounted  on  a sting  which  incorporated  the  plume  simu- 
lator. This  simulator  consisted  of  2 rows  of  12  sonic  jets  arranged 
circumferentially  so  that  the  air  from  a common  air  chamber  was  ejected 
normal  to  the  longitudinal  torts  of  the  model.  It  was  located  2.5  Inches 
aft  of  the  model  base  as  shown  In  Figure  3. 
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A 6 -component  main  balance  was  used  to  determine  the  body  forces 
and  a 3-component  balance  for  each  of  the  fins. 

Installation  drawings  of  the  model  In  the  various  tunnels  are  shown 
In  Figure  5,  and  photographs  of  the  model  depicting  these  Installations 
are  In  figure  6. 

The  tests  conducted  In  the  Calspan  tunnel  encompassed  the  trans- 
onic region  in  their  8-foot  Transonic  wind  tunnel.  The  AEDC  tests  ex- 
tended the  results  Into  the  supersonic  region,  to  a Mash  number  of  2.3. 
The  latter  test  was  conducted  In  the  AEDC  Propulsion  Wind  Tunnel,  Super- 
sonic (16S).  Additional  transonic  data  were  obtained  In  their  Transonic 
facility,  16T.  Details  of  each  of  the  tunnel's  capabilities  can  be  found 
In  references  27  and  28. 

Table  1 summarizes  the  tests  conducted  on  the  five  fins  at  the 
various  facilities. 

The  model  aerodynamic  data  were  resolved  In  the  body  axis  system 
with  the  origin  located  at  model  station  26.5  on  the  model  centerline. 

The  aerodynamic  data  from  the  tall  fin  balances  were  resolved  in  indivi- 
dual axis  systems,  having  origins  located  at  the  intersection  of  the  tall 
fin  hinge  lines  and  the  balance  centerlines.  The  axis  system  and  sign 
conventions  are  shown  in  Flrures  1 and  2. 

PLUME  SIMULATION 

The  model  utilized  a normal  jet  plume  simulator  which  was  geometri- 
cally simile?  to  the  one  used  with  the  strut-mounted  model  and  the  sting- 
mounted  model  and  the  sting-mounted  pressure  model  (see  references  5 and 
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11).  Although  various  other  devices  adequately  simulated  plume  effects 
on  aerodynamics,  the  normal  jet  simulator  appeared  to  have  several 
advantages.  The  primary  advantage  Involved  the  economics  of  wind  tunnel 
testing.  It  Is  possible  to  Investigate  a variation  In  the  level  of  plume 
effects  without  shutting  down  the  tunnel.  Another  advantage  Is  that  the 
normal  jets  tend  to  adjust  toward  the  free  stream  flow  direction  when 
model  angle  of  attack  Is  varied.  The  normal  jet  also  has  a measurable 
quantity  (such  as  momentum  or  thrust  components)  which  can  be  related  to 
the  free  stream  flow. 

In  the  past,  the  Am\y  Missile  Command  has  used  base  pressure  ratio 
Pb/Pm  as  an  Indication  of  the  onset  and  the  severity  of  plume  effects 
on  missile  aerodynamics  (see  reference  1).  One  of  the  parameters  that  can 
be  conveniently  used  to  correlate  base  pressure  Is  thrust  coefficient  Cy 
where  Cy  Is  axial  thrust  non-dimensional ized  by  dynamic  pressure  and  body 
cross-sectional  area  (S^y).  For  the  normal  jet  simulator, a similar 
parameter  Is  radial  thrust  coefficient,  CRy,  where 

„ _ Radial  Thrust 

LRT  qS 

Radial  thrust  Is  the  summation  of  the  thrust  of  the  24  Individual 
nozzles.  For  an  axial  jet,  base  pressure  appears  to  be  primarily  In- 
fluenced by  the  portion  of  the  jet  plume  In  tfie  vicinity  of  the  jet 
boundary  where  interacts  with  the  freestream  vlow.  Where  Cy  can  be 
considered  to  represent  the  axial  component  of  the  effective  jet.  It  can 
be  assumed  that  CRT  represents  the  normal  component. 
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For  the  plume  size  of  Interest  In  these  investigations, a value  of 
Cy  several  times  the  value  of  CRy  is  required  for  matching  base  pressures. 
The  exact  Cy/CRT  ratio  will  depend  on  a comparison  of  flight  base 
pressures  with  base  pressure  values  for  the  the  normal  jet  simulator. 

Where  flight  base  pressures  are  unavailable,  methods  exist  which  allow 
simulation  of  flight  rockets  with  cold  air  axial  jets  (see,  for  example, 
reference  26).  An  estimate  of  the  Cy/CRT  ratio  (although  crude)  is  valu- 
able for  use  In  preliminary  design  and  to  insure  that  the  range  of  CRT 
values  planned  for  wind  tunnel  tests  are  sufficient. 

RESULTS  AND  DISCUSSION 

The  variation  of  normal  force  slope,  , and  pitching  moment  slope, 

a 

Cm  , with  radial  thrust  coefficient,  CRT,  for  the  body  alone,  B,  Is  pre- 

a 

sented  on  data  pages  40  - 51.  Of  Interest  are  the  large  negative  values 
of  with  plume  effects,  especially  at  Mach  numbers  of  1.25  and  1.5. 

a 

In  some  Cc$es  the  magnitude  of  the  negative  values  of  CR  Is  almost 

a 

double  the  jet  off  positive  value. 

For  the  body-fin  combinations, the  variation  of  , Cm  , and  the 

a a 

horizontal  fin  panels  Cn^x  with  Crt  is  shown  on  pages  52  to  159.  in 

general  the  loss  In  Cw  due  to  plume  effects  Is  delayed  to  a higher  value 

"a 

of  CRy  as  the  fin  Is  moved  to  forward  positions.  With  the  fins  In  the 
forward  position, the  fins  maintain  effectiveness  up  to  a reasonable 
value  of  CRy.  For  example,  by  comparl  ig  pagell2w1th  pages  114  and  115, 

It  Is  apparent  that  the  total  configuration  CR  is  affected  by  the  plume 

a 
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at  a Crj  of  1 or  2 where  the  of  the  fir  panels  is  not  affected 
until  a Cpj  of  about  6. 

Presented  on  pages  160  to  183  are  comparisons  of  data  between  Lhe 
two  Cal  span  tests  and  comparisons  between  data  from  the  two  transonic 
wind  tunnels.  Overall,  the  data  are  in  good  agreement. 
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NOMENCLATURE 


SYMBOL 

MNEMONIC 

DEFINITION 

RN/L 

RN/L 

unit  Reynolds  number;  per  ft 

V 

velocity;  ft/sec 

a 

ALPHA 

angle  of  attack,  degrees 

0 

BETA 

angle  of  sideslip,  degrees 

4< 

F3I 

angle  of  yaw,  degrees 

4> 

PHI 

angle  of  roll,  degrees 

P 

3 

mass  density;  slugs/ft 

<T 

CT 

thrust  coefficient,  axial  thrust/qS 

CRT 

CRT 

radial  thrust  coefficient,  radial 
thrust/qS 

PK  /P 
bAVG  * 

PB/P]  (PBX/P) 

ratio  of  average  base  pressure  to  tunnel 
freestream  static  pressure 

F.P. 

FINPOS 

fin  longitudinal  position  on  body: 

1.  AFT; 

Fin  Trailing  Edge  1,5  calibers  forward 
of  base 

2.  MID; 

Fin  Trailing  Edge  0.75  caliber  forward 
of  base 

3.  FWD; 

Fin  Trailing  Edge  flush  with  base 

a 

speed  of  sound;  ft/sec 

CP 

CP 

pressure  coefficient;  (Pj  - pj/q 

H 

MACH' 

Mach  number;  V/a 

P 

pressure;  psf 

d 

Q(NSM) 

Q{PSF) 

2 

dynamic  pressure;  l/2pV 

•base  pressure  ratio 
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NOMENCLATURE  (Continued) 


Reference  A C.  6.  Definitions 


SYMBOL 

MNEMONIC 

DEFINITION 

? 2 
base  « nT,  In 

b 

BREF 

wing  span  or  reference  span;  m,  In 

c.g. 

center  of  gravity 

*REF»  c 

LREF 

reference  length  or  wing  mean  aerodynamic 
chord;  m.  In 

S*  Sref 

STiEF 

reference  area  based  on  body  diameter , In 

MRP 

moment  reference  point 

XMRP 

moment  reference  point  on  X axis 

YMRP 

moment  reference  point  on  Y axis 

ZMRP 

moment  reference  point  on  Z axis 
Fin  Balances 

CNfx  (Cntx} 

CNFX  (CNTX) 

fin  normal  force  coefficient, 

fin  normal  force 
qSref 

H* 

CLMHX 

fin  hinge  moment  coefficient, 

fin  hinge  moment 
qSref  *ret 

CLMRX 

fin  root  bending  moment  coefficient, 

*1n  root  bending  moment 
q^ref  £ref 

^TKFX) 

CPXT1 

tail  (fin)  No.  1,  longitudinal  center 
of  pressure 

CPYtt  (Fit) 

CPYT1 

tail  (fin) No.  1,  lateral  center  of 
pressure 
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NOMENCLATURE  (Continued) 


SYMBOL 

MNEMONIC 

DEFINITION 

XCP 

t'PFX 

XCPFX 

chordwlse  center  of  pressure  location 
relative  to  fin  hinge  line,  positive 
toward  the  leading  edge.  Inches 

\ 

°FX 

CNAFX 

fin  normal  force  coefficient  derivative 
with  alpha,  per  degree 

Body-Axis  System  (Main  Balance) 

C. 

n 

CN 

normal  force 

normal -force  coefficient;  qs 

CA 

CA 

axial  force 

axial -force  coefficient;  q$ 

CY 

CY 

side  force 

side-force  coefficient;  q$ 

Ca 

CLM 

pitching-moment  coefficient; 

pitching  moment 
qSiREF 

cn 

CYN 

yawing-moment  coefficient; 

yawing  moment 

c. 

C8L 

rolling-wament  coefficient; 

rolling  moment 

c. 

a 

CLMALF 

pitching  moment  coefficient  derivative 
with  alpha,  per  degree 

S 

a 

DIAL  FA 

normal  force  coefficient  derivative 
with  respect  to  angle  of  attack,  per 
degree 

T.P. 

tail  posltlc 
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NOMENCLATURE  (Concluded) 


SYMBOL 

MNEMONIC 

DEFINITION 

BF 

body  with  fin 

BFO.l, 2,3.4 
(FO.1,2,3,4) 

body  with  fin  configuration  0,  1,  2,  3, 
see  Figure  4 

F 

fin 

B 

body  alone 

PL 

PL 

air  supply  pressure  upstream  of  orifice, 
psi 

UA 

UA 

air  supply  flow  rate,  lbs. /sec. 

T.E. 

trailing  edge 

SUBSCRIPTS 

b 

base 

1 

local 

S 

static  conditions 

t 

total  conditions 

- 

free  strews 

1*2,3, 4 

fin  radial  position  about  body 
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DATA  SET/RUN  HUMBER  COLLATION  SUMMARY  1DaTE  : _ 06~13~74 
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FIGURE  1 
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(VIEW  LOOKING  FORWARD) 

. AXIS  SYSTEMS  AND  POSITIVE  SIGN  CONVENTION, 
BODY  AXIS  SYSTEM 
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VASL  FINS  F2.  P4  0.760 


FIGURE  2.  TAIL  fiH  AXIS  mi  CMS  . POSITIVE  &JGN  CONVENTION 
ANO  CEMTEft  OF  PRESSURE  LOCATION 
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Figure  3 - Model  General  Layout 


CCK.NM 


FIGURE  5a. INSTALLATION  DRAWING  (C&Hpan  8 Ft.  Transonic  Tunnel) 


MODEL  SUPPORT  STRUT 


Figure  5c.  Installation  Drawing 
(AEDC  PWT,  16T) 


Figure  6.  - Photograph  of  Body  and  FO  Fins  of  LONGBOW  at 
Three  Tail  Positions  in  the  Calspan  8 Ft. 
Transonic  Tunnel 
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PLOTTED  DATA 


Tabulations  of  the  plotted  data  and  corresponding  source  data 
are  available  from  Data  Management  Services. 
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IBUC020I  Q CAL  TI7-093  THWST  EFFECTS.  BOOT  HITH  FINS.  9F0  1.097  1.000  WEF  5.0000  IN. 

(BUEOStl  o CAL  TI7-093  TlflUST  EFFECTS.  BOOT  HITH  FIN5,  BF0  1.250  1. 000  8REF  5. 0000  IN. 

jemp  26.5000  IN. 


STABILITY  VARIATION  DUE  TO  PLUME  EFFECTS,  BODY  WITH  FINS,  BFO 


STABILITY  VARIATION  DUE  TO  PLUME  EFFECTS,  BODY  WITH  FINS,  BFO 


STABILITY  VARIATION  DUE  TO  PLUHE  EFFECTS,  BODY  WITH  FINS,  BFQ 


STABILITY  VARIATION  DUE  TO  PLUME  EFFECTS,  BODY  WITH  FINS.  BFO 


stabil:ty  variation  due  to  plume  effects,  body  with  fins,  bfo 


STABILITY  VARIATION  DUE  TO  PLUME  EFFECTS,  BODY  WITH  FINS,  BFO 


BBBBBBBBBSSBBBBBBBBBBBBBBBBB! 

jHHnBBBBBBBBnBBMBBBBBBBBBBBi 


IBlilBBB&riflBBBBBDMBBBSl^ 


aSmaa^SSm 

mifuMnn 


5 into 

■“  H K 

f ouo 
(L  UUU 
“ U.U.U 
K fth!*! 


jlilaliiasSSSasawssssassassM 


iBiSflBBflpiBi3SSS5SDS3SS&S 

B&SBBinnBB9BBs3H 


cn  cd 
o o 


M OJ 

O O 


>*«  **  '■■'•SV 


STABILITY  VARIATION  DUE  TO  PLUME  EFFECTS,  BODY  WITH  FINS,  BFO 


pgggggggggg=g|MMMMMg|MnnBBffijnHMn 

jBBBBBBBBBBBBBBB^BBBBBBBBD_^ 


\ueaximmp.Zt*n'SMWcauaxnatR  mmaa  bhibiii  mama  mama  am  mnl 
pD8|J^)BIB8BBHiBmmaBBBBHIIMMaBaaiS 

E||||[ji|||||^jggBBBj^BBBBBB^BBBBBB^^^^^H 


f uuu 
ft-  uuu 

“ U.U.L 

J>  uuu 

h Hi 

►“ 

< WWW 

|S88 

0(41 

y r-r^r* 

fc  — 

c 


P^^ggmm  b ■ 

nBBBBBggBDBiB 


DIB 


flflnBBBBBBB§|liSli^ii^iBBB| 
BflflGBBBBB BBBBBBBBBfll 


PmWBBBlBMMma— BaiaBmananiiimg 

B8SSSBI2SBBBB5B1I 

?^bbb^^|||^bbbmbbbbb 


PBN^M 

uui  mu  iiiiiimbiimbbbbbibbbi  j——— ■— mmimImu  „mi 

BBBBBBBliBBBUBBBBBBBBBBBBBBBBBBl 

■MGMBiHBBiBBBBflBBBfiBflBBflflBBBfll 


STABILITY  VARIATION  DUE  TO  PLUME  EFFECTS,  BODY  WITH  FINS,  BFO 


VARIATION  DUE  TO  PLUME  EFFECTS,  BODY  WITH  FINS,  BFO 


2ZZ2Z2 


ff oooooo 
p rooooo 
W wooqoo 
Z K)oov\oo 


JOB  I 


ojmiojg 


x S 


5 wuntn 
— 

f uou 

6 uuu 

r 


§ sss 

— r^r*r» 


iSnS 


WWP^MBBBBrtl 


flB&BBB5g2aflBBRaflBBBBflflBBBBflBBB 


Innntfg^mammDmgjpBim 
IBDBOflBBflBBBB  flDfljjj  fljjj| 

Bl^i 

BBBIBBBvJB  8BI 


B Bgl  inn  glC  lift]  BIflPB  BOP  BIB  BBS  BIIIIOP  55^5^5  SB  1 


1BBPBBBBBBBBBBBBBBBBBB 


ii  mmm  BBfiBiBBDBBDBSSnliSli 
■BIN  BBBgan^iPf^aMPMjjffSBBwBBBBBBB 


*SS§ 

ffJKSUH 

g BBS) 


STABILITY  VARIATION  DUE  TO  PLUME  EFFECTS,  BODY  WITH  FINS,  BFO 


& 

f; 

V 


67 


STABILITY  VARIATION  DUE  TO  PLUME  EFFECTS,  BOOV  WITH  FINS,  BFO 


o 

o 

o 


o 

o 


o 

o 

o 

o 


o 

o 

o 


o 

o 


o 

o 


o 

o 


a: 

o 


68 
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STABILITY  VARIATION  DUE.  TO  PLUME  EFFECTS,  BODY  WITH  FINS,  BFO 


DATA  SET  SYMBOL  CONFIGURATION  DESCRIPTION  MACH  F1NPOS  REFERENCE  INFORMATION 
(0UEO31 ) . Q CAL  T17-093  TN4W5T  EFFECTS.  BOOY  WITH  FINS,  BFO  1.000  3.000  SREF  19.6350  SO. 
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STABILITY  VARIATION  DUE  TO  PLUME  EFFECTS,  BODY  WITH  FINS,  BF1 


OAT*  SET  SYMBOL  CONFIGURATION  DESCRIPTION 
IAXEOC9)  Q AEDC  TF3SQ  BOOT  FIN.  BFl 

(AXEOitl  O AEOC  TF360  900Y  FIN.  8F| 

(AXEGS2I  o AEDC  TF360  BOOT  FIN.  BF| 
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